Abstract Modified rotor kit Bently Nevada was used for dynamic characteristics measurements of new developed aerostatic bearings. Mathematical model of these bearings is considered as linear. Model was identified with the help of harmonic force excitation independently from the speed of journal rotation. The stiffness and damping matrices were identified for different air inlet pressures. The calculated spectral properties allow to determine the stability boundary for suitable variation of model parameters.
Introduction
Aerostatic bearings with externally pressurized gas have many advantages in comparison of classical oil bearings specifying for example high-speed applications, low noise, high durability, lower heat generation, the possibility of operation in environments of extreme temperatures and ecological consequences-no oil contamination. The main disadvantage of these bearings is their possible lower stability of motion, in addition, rotor non-stability leads immediately to serious damage of the machine. This is the reason why the The project was supported by the grant GACR No 101/09/1522.
Institute of Thermomechanics AS CR, Dolejskova 5, 182 00 Prague 8, Czech Republic e-mail: kozanek@it.cas.cz stability limit must be calculated on the basis of reliable mathematical model of rotating machine. Computational methods were developed for determination of aerostatic bearing stiffness and damping, unfortunately they were not sufficiently verified. The verifications and the corrections of above theoretical methods are possible with the help of dynamic experiments and by the parametric identification. The bearing stiffness and damping matrices (mass matrix is known) can be identified, also in the state space spectral and modal properties [1] [2] [3] can be determined. Based on existing rotor kit Bently Nevada (RK) the new experimental stand for aerostatic bearings was proposed and prepared.
Test stand and test bearings
Two test bearings proposed by TECHLAB, Prague were used, both with two rows of feeding orifices ( Fig. 1) , with inlet pressure p = 0.2 MPa and p = 0.4 MPa. When identifying bearing characteristics, the journal can move within about 50% of radial clearance, so that some space for harmonic excitation is left. Several structural modifications of the test stand had to be built and tested to allow required translational motion of the test head [4] . Rigid shaft is supported in two precise ball bearings to RK frame. Aerostatic test bearing, located between supporting bearings, can be excited by vertically and horizontally oriented piezoactuators. Exciting forces are transferred to test bearing via force sensors and able to measure instant values of dynamic forces. Test bearing response is observed by two pairs of relative sensors. Parallelism of test bearing motion relative to shaft surface is secured by suspension, consisting of three thin strings. Detail of the test stand is presented in Fig. 2 . 
Method of the stiffness and damping matrices identification of aerostatic bearing
Mathematical model of the test head with aerostatic bearing can be written as the system of two second-order differential equations, in matrix form
where t is time, vertical, horizontal displacements x(t), y(t) define the real vector (with label "˜" ) of displacement
real vectorf
is excitation force and real K , B , M ∈ R 2,2 are stiffness, damping and mass matrices. In our situation is M = M 0 0 M , where M = 1.2 kg is mass of test head with aerostatic bearing, angular frequency of rotation will be ω = 2πn/60 and n signifies resolutions per minute. The complex harmonic excitation forcef (t) = Re( f (t)) with the angular frequency
The real part of the complex time-response q (t) = q e iΩt on the above complex harmonic excitation isq (t) = Re(q e iΩt ) and was evaluated from measured time-discretized signal. In the first step as the simple linear (for real parametersvectors q 0 , q S , q C ∈ R 2 ) as well as non-linear (related to Ω) least squares regression problems
and transformed into complex amplitude form
corresponding to the complex excitation force (4). The equation of motion in harmonic regime and in complex amplitude form is
where the unknown parameters-elements of matrices
Eqs. (7) for couple of orthogonal excitation forces f k1 , f k2 and for one or more corresponding excitation frequencies Ω k using least squares method. Harmonic excitation forces in both directions x, y
for different frequencies Ω k , k = 1, 2, · · · , N excite corresponding complex amplitudes q k1 , q k2 ∈ C 2 . All measured data satisfy Eq. (7) and can be written in matrix form as
where Q = [q 11 , q 12 , · · · , q N1 , q N2 ] ∈ C 2,2N
is complex matrix,
